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Abstract 
The drag flick was introduced to field hockey in the early 1990’s by Dutch player Taco Hajo van den Honert. It has become a 
major offensive weapon as a set play in penalty corners, with skilled drag flickers highly sought after at all levels of the game. 
This study investigated the forces between ball and stick and the location of the ball on the stick during a drag flick. Force 
sensors were mounted on the surface of the stick to determine both the forces applied and ball position with high temporal 
resolution during drag flicking. A high g accelerometer was used to measure the acceleration of the stick head. These devices 
were synchronised in a common wireless data acquisition system. Three drag flickers with different skill levels were used as 
subjects and were instructed to direct the ball at a particular target region, a small sector of the field hockey goal.  
The force sensor data showed that the force and location of the ball during a drag flick was important for controlling drag flicks. 
The use of the force sensors also affected the friction of the stick surface and made it more difficult for the subjects to impart 
curvature onto the ball’s trajectory consistent with elite competition. Further development of the sensors is required to improve 
measurement and analysis. 
© 2009 Published by Elsevier Ltd. 
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1. Introduction 
In field hockey the drag flick is a major offensive weapon. It is used by skilled players all around the world, from 
international level right down to local leagues, as a set play during penalty corners. It was introduced in the early 
1990’s by Dutch player Taco Hajo van den Honert. Prior to this, rules relating to penalty corners limited attacking 
* Corresponding author. Tel.: +61-3-5246-4000; fax: +61-3-5246-4057. 
E-mail address: ian.blanchonette@csiro.au 
c 10 ublished by Elsevier Ltd.
Procedia E i eering 2 ( 10) 2979–2984
www.elsevier.com/locate/procedia
1877-7058 c© 2010 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2010.04.098
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
2 M.J. Jennings et al. / Procedia Engineering 00 (2010) 000–000 
shots to below 45cm when crossing the baseline. The rule change exploited by the Dutchman permitted the drag 
flick to be used to attack any part of the goal.   
While the mechanics of the drag flick are relatively simple, the skill required to master the technique can take 
many years to master. The drag flick action begins with a stationary ball (usually pushed from the baseline and 
trapped outside the circle during a penalty corner), with the drag flicker (usually) set in a crouched position before 
the play begins. As the flicker steps forward, the ball is pushed along the ground using the shaft of the stick. The 
stick moves in a slinging action, with the ball always remaining in contact with it. As there is no loss of contact, the 
shot is actually a push, not a hit. During the slinging action the ball is accelerated, sometimes reaching speeds 
around that achieved using a normal hitting action. Spin is imparted to the ball, giving a curved trajectory to it. As 
penalty corners are common at all levels of field hockey, highly skilled drag flickers who can direct the ball to any 
part of the goal are a much sought after commodity.  
Surprisingly there have been very few studies on the drag flick. In the most recent of these, Yusoff et al. [1] used 
video analysis during the 2002 Men’s Hockey World Cup in Kuala Lumpur to investigate some of the biomechanics 
of the shot. Although only a limited number of players were investigated, the technique used by the elite players was 
found to be consistent with the skill described in the coaching texts (Mitchell-Taverner [2]).  
McLaughlin [3] conducted a kinematic study of the drag flick and compared the technique of sub-elite drag 
flickers with an expert International player in Australia. Stance width and drag distance were found to be highly 
correlated with the ball velocity at release.   
The above studies have shown that while the gross movement pattern in drag flick actions are similar, there are 
varying methods in its skilled execution. Players may develop their technique as a function of their particular 
anthropometric features. To date, however, there has not been any reliable method for measuring the force imparted 
on the ball, or the temporal components of force throughout a drag flick.  This study sought to demonstrate a method 
to quantify key components of the drag flick, and to improve understanding of the biomechanical features of this 
important technique.  
2. Methods 
This study investigated the forces between the ball and stick and the location of the ball on the stick during a drag 
flick. This was achieved by attaching a range of sensors to conventional hockey sticks. Force sensors (Flexiforce, 
model A201-25, 110N) were mounted on the surface of the stick to determine both the forces applied and the ball 
position (Figure 1). The sensors could be easily moved to allow for the different ball paths associated with different 
players and different shot techniques. The initial sensor pattern was determined from video footage, and adapted 
following testing. A high g accelerometer (Kistler, K-Shear, +/- 250g) was mounted to the back of the stick head and 
was used to measure the acceleration of the stick head. Data from the force sensors and the accelerometer was 
collected via a custom wireless data acquisition system and synchronised. The weight of the whole system was 
minimised to reduce any influence it may have on the outcome of the trials. 
Three drag flickers were used as subjects – an elite drag flicker playing at State level in Australia, a sub-elite drag 
flicker playing at under age State level in Australia, and a competent drag flicker playing in a local hockey league. 
The equipment described above was attached to each player’s personal hockey stick to minimise issues relating to 
unfamiliar equipment.  
During the trials, each drag flicker started their stroke from the top of the circle, with no goal keeper in place. For 
the higher level players, at least 30 shots on goal were taken, with an equal number of shots aimed at each corner of 
the goal. Following each shot, subjective feedback was given by the player regarding the shot. Video footage was 
taken of all players. For the trials with the local league player, fewer shots were taken due to the high level of fitness 
required and risk of injury. 
3. Results and Discussion 
Players at three different skill levels contributed to the study, a local league player, a sub-elite player and an elite 
player.  
The initial trials were conducted with the assistance of the local league player. This was done to ensure that the 
sensors mounted on the sticks did not adversely affect the player’s technique and that the system was robust enough 
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to survive the testing regime. During these trials it soon became apparent the skill level of this player made a 
detailed study of the ball location on the face of the stick more difficult and time consuming as technique varied too 
much from trial to trial. The nominal sensor pattern used (Figure 1) was modified several times to obtain a number 
of valid results. It was also observed that this player had less control over the resulting location of drag flicks to 
nominated sections of the goal. 
Figure 1. Force sensor arrays on hockey stick nominal set up. 
It was expected that the sub-elite player would have more control of the ball and stick during the drag flick 
action. However, even with a much better strike rate in terms of being able to place the ball in the nominated section 
of the goal, the path of the ball on the face of the stick varied greatly. This is an interesting result in that it indicates 
that the sub-elite player could modify the stroke to obtain the desired result.  By contrast, the elite player was able to 
repeatedly place the ball in the nominated area of the goal, and the ball followed a more predictable path along the 
stick.  
Figure 2 shows a typical path of the ball on the stick for the three levels of players. Early in the drag (pre-flick) 
routine, all players start with the ball near the head of the stick (lower sensor numbers, shorter distance from stick 
head). As the stick is accelerated the ball displaces along the stick shaft (higher sensor numbers, larger distance from 
stick head) before being flicked from the head of the stick (back to lower sensor numbers), resulting in a peak on the 
graph – the “flick impulse”.  
Figure 2. Typical path of the ball on the hockey stick during a drag flick for the three levels of player. 
Figure 2 shows that the contact time of the ball with the stick varies for the different players, with the local 
league player having the least contact time, and the elite player having the longest. It also shows that as skill level 
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increases, the width of the flick impulse tends to be narrower, but the speed of the ball across the face of the stick 
isn’t necessarily any higher for higher skilled players.  
Figure 3 shows the relative forces imparted on the ball as it travels along the stick for the elite player.  During the 
pre-flick phase, the ball is near the head of the stick, predominately in contact with pad 3. There are momentary 
losses of contact, indicated by the red pad 3 peaks and troughs in the plot. Figure 3 shows a more detailed analysis 
of the flick impulse phase, where it can be seen that the force between the ball and the stick peaks at the highest 
point on the stick (pad 7). As the ball moves towards the head of the stick, the normal forces between the ball and 
the stick generally reduced. Figure 3 also shows an overlay of the acceleration of the stick head, as measured by a 
+/-250g accelerometer. Peak accelerations ranged from 200g to > 250g in some cases (accelerometer out of range). 
During the pre-flick phase the magnitude of the acceleration of the head is relatively low. Whereas, the flick impulse 
phase is characterised by a high acceleration peak (negative due the orientation of the accelerometer) followed by a 
high deceleration peak after ball release as the stick is brought to rest. 
Figure 3. Normal forces between the ball and the stick, along the stick, and the acceleration of the stick head during 
a typical drag flick.  
Figure 4. Expanded view of the flick impulse phase of the drag flick shown in Figure 3. 
Figure 5 shows the ball position on the stick during the flick impulse for a series of drag flicks to the top right 
corner of the goal (nominally a 0.5m x 0.5m zone) by the elite player. Although many of these shots were similar 
(within the sensitivity of the sensor array) in terms of the ball position on the stick, a range of outcomes resulted. 
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Four of the seven shots scored in the top right corner, one hit the side post, one missed over the top and one scored 
outside the nominated zone (Figure 6). The “hooks” and the end of Trials 1, 2 and 6 are due to the stick sliding 
down past the ball just prior to ball release.  
Figure 5. Ball position on the stick during the flick impulse for a series of drag flicks to the top right corner of the 
goal by the elite player. 
Figure 6. Approximate location of the ball in the goal for the trials in Figure 5. 
A key component of the effectiveness of the drag flick is the curvature imparted to the ball during its flight from 
the stick to the goal. During all trials it was observed that the curvature was reduced relative to drag flicks 
performed without the sensors attached to the stick. It is possible that differences in the surface friction of the 
sensors compared to the normal shaft contributed to this. Future work would involve using a sensor array that 
covered a greater area on the stick face, with the surface friction of the sensors modified to mimic that of the face of 
the stick. 
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4. Conclusion 
These preliminary trials have shown that useful information on the ball and stick interactions can be obtained 
using a simple pressure sensor array. The force and location of the ball during a drag flick is important for 
controlling drag flicks.  
It is believed that with further development, a useful training aid could be developed. Also, new insights into the 
mechanics of the drag flick action may be revealed. Future applications would include skill-based studies of 
technique, differences in the timing of force delivery, differences in the amount and timing of the displacement 
along the shaft, complementary measurements of ball speed after release, learning-based studies to explore the rate 
of skill development in novices.
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